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STUDIES ON THE PATHOGENESIS OF VASCULAR DISEASE
The Effect of Intravenous Egg-Yolk Emulsions on Inflammatory
Lesions of the Aorta and Coronary Arteries of Dogs4
Long study of human post-mortem material and of the arterial disease in
rabbits that follows cholesterol feeding has not yet resulted in an under-
standing of the pathogenesis of arteriosclerosis. Although the focal dis-
tribution of the lesions in man and the partition of their contained lipids
suggest interactions of local and hemic factors, it has proven difficult to
determine either the nature of these factors or to clarify their interrelation-
ships. The report that follows describes an experimental procedure for the
investigation of certain aspects of this subject. The technique utilized allows
examination of the effects of altered blood lipids on the morphological
sequences of experimentally produced inflammatory lesions of the aorta and
coronary arteries of dogs.
Anitschow' early spoke of a "combination theory" of the pathogenesis of
arteriosclerosis and was able to demonstrate the deposit of lipids in the
aortas of rabbits fed cholesterol and given epinephrine. The fact that it was
quickly shown that the feeding of cholesterol alone resulted in fatty arterial
lesions undoubtedly diverted attention from possible local factors involved
in their establishment. More recently, Schlichter et al.'7 cauterized the
aortas of cholesterol-fed dogs and reported fatty deposits at the site of the
lesions in some instances. Kelly and Taylor and their associates'9'" have
carried out similar experiments in rabbits and monkeys. The abdominal
aorta was injured by freezing during the course of a high-fat, high choles-
terol regimen and fatty transformations of the lesions so produced have
been described and the subsequent processes of repair studied. Acute
arterial lesions have also been produced in rabbits by sensitizing procedures
during hypercholesterolemia." Acceleration of lipid deposit in the arterial
lesions resulted.
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In this laboratory, the localization of particles from the blood, such as
india ink,' methyl cellulose,' or fat,"' has been observed to occur selectively
in areas of arterial inflammation. The deposit of lipids in sites of acute
arterial injury in vitamin D poisoning in dogs has also been described,'0 and
more recently it was found that the hyperlipemia resulting from intra-
venous administration of detergents in dogs was associated with fatty foam-
cellular transformation of inflammatory lesions of the coronary arteries.
The present experiments, begun in 1953," are reported in some detail
because they have yielded information of interest.
The general plan has been to produce selective injury of the coronary
arteries of dogs by the intravenous administration of allylamine.' Con-
comitantly, alteration in the pattern of blood lipids was effected by the
intravenous infusion of varying quantities of saline emulsions of egg-yolk.
This method for artificially changing the blood lipids was suggested by the
early observations of Bloor.' Following these procedures, numerous lesions
of the coronary arteries are present within a few hours in 80-90 per cent of
the animals and have progressed to partial or complete obliteration of
individual coronary arteries within a two-week period.
MATERIALS AND METHODS
Healthy, adult mongrel dogs maintained on low-fat, stock laboratory diets were
utilized. An occasional young or old animal was intentionally included, but the results
in these individuals did not differ from those of the group. The observations described
are based on a study of over 100 animals.
The method for the production of acute lesions of the coronary arteries in dogs by
allylamine, and a description of these lesions has been published elsewhere.' In brief,
a 1 per cent aqueous solution of allylamine (Eastman Kodak Co.) was freshly pre-
pared. This was neutralized to pH 7.4 with normal HC1 and was injected intra-
venously. Dogs were given a course of 15-20 mgm.base/kg. on each of the first three
days of the experiment or on days 1, 3, and 4, or 1, 2, and 4, depending on the
condition of the animal.
Emulsions of egg-yolk were prepared as follows: To 500 ml. of sterile, fresh,
washed yolks, 700 ml. of sterile 0.9 per cent saline was added. The mixture was stirred
and filtered through several layers of sterile gauze. The lipid and calcium content of
an average lot of the emulsion follows:
Total cholesterol 503.0 mgm.%
Free cholesterol 473.3 mgm.%
Fatty acids 388.0 mEq./l.
Lipid phosphorus 138.0 mgm.%
Calcium 32.0 mgm.%
The contained cholesterol was almost all in the free form. The lipid-rich yolk particles
were nearly uniform in size, as in native yolk, and measured approximately 1 , in
diameter.
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The majority of animals received varying amounts of this emulsion intravenously
beginning usually on the day of the first allylamine injection and thereafter daily on
every second or third day for different periods ranging from 3 to 21 days. The minimal
lethal dose of egg-yolk for a single intravenous injection was found to be above 30
ml./kg. While standard dose for the rapid production of fatty lesions was 20 ml./kg.
and most of the changes described followed use of this amount, regimen was varied
according to the purpose of the experiment.
Lipids and calcium in the plasmas of recipient animals were determined by the
following methods: cholesterol and cholesterol esters-modified Schoenheimer-
Sperry;19 lipid phosphorus-a modified Youngburg procedure ;6 fatty acids-a modified
Stoddard and Drury technique ;'3 calcium-the method of Roe and Kahn.' Blood non-
protein nitrogen was estimated by the usual micro-Kjeldahl digestion and steam
distillation of the ammonia formed.
Complete autopsies were performed at the termination of each experiment and
histological study carried out. The tissues were fixed in neutral formalin and frozen
or paraffin sections prepared. Frozen sections were stained with sudan IV, and with
the aid of a modified Schultz reaction. Paraffin sections were stained by Masson's
method, hematoxylin and eosin, or Verhoeff's technique for elastic tissue.
EXPERIMENTAL
Effects of intravenous injection of egg-yolk emulsions in dogs
Unanesthetized, normal, or allylamine-injected dogs frequently exhibited
dyspnea, vomiting, and increase in cardiac rate during and following the
injection of large quantities of saline emulsions of egg-yolk. These signs
were transient and were rarely severe. There was no sustained change in
mean femoral arterial pressure. Reactions of the type described became
less marked after the initial injection of the emulsion, and the majority of
the animals remained in good condition. Occasionally, with successive large
injections, an animal succumbed apparently from circulatory overload. If
the egg emulsion was not fresh, its toxicity increased greatly.
Of particular interest were the effects of the injections on the blood. The
plasma immediately following infusion was regularly yellow and lactescent
and contained innumerable particles of the emulsion in suspension. This
turbidity cleared progressively over a 24- to 72-hour period. At the end of
this time, the plasma was opalescent with a greatly reduced number of
suspended particles. It was distinctly yellow in contrast to the usual appear-
ance of the plasmas of normal dogs on low fat diets. Only rarely could this
appearance be explained by prior hemolysis or contained bilirubin. Even
after repeated injections of egg-yolk there was no increase in plasma non-
protein nitrogen. The blood lipids were profoundly altered. By a dilution-
precipitation technique,7 it was possible to demonstrate large quantities of
dissolved lipovitellin at times when the plasma was practically particle-free.
Fractionation of the plasma revealed an enormous increase in all lipids. In
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Table 1 are summarized the pre- and post-injection values for a dog's
plasma lipids with 20 ml./kg. egg-yolk emulsion intravenously.
Since egg-yolk contains practically no ester cholesterol, it is interesting
to note that the plasma ester cholesterol was elevated appreciably at 48
hours and that total cholesterol fell more slowly than free cholesterol or the
other lipid fractions. Table 2 indicates the changes that occurred in dogs'
plasma cholesterol and calcium following repeated daily injections of
intravenous egg-yolk.
It is noteworthy that in many animals a rough leveling off of the greatly
elevated values occurred after a few days (Dog 1103), whereas in others
TABLE 1. EFFECT OF A SINGLE INTRAVENOUS INJECTION OF EGG-YOLK
EMULSION (20 ML./KG.) ON THE PLASMA LIPIDS OF A FASTING DOG
Dog p1189 Total choles- Free choles- Lipid phos- Total fatty
Time terol mg.% terol mg.% phorus mg.% acidsmEq./l.
Before injection 104 31.4 10.6 12.2
5 min. after injection 289 219 50.2 147.7
24 hrs. 250 175 41.0 129.3
48 hrs. 245 70 17.0 25.4
72 hrs. 183 45 11.0 15.8
96 hrs. 176 38 11.2 14.4
(Dog 1104), the values progressively increased. In the latter group, the
animals appeared to be in circulatory distress as evidenced by low blood
pressure and a shock-like clinical state. They succumbed if the injections
were continued. During the course of injections with egg-yolk, plasma
calcium was elevated. Besides containing calcium, yolk is a rich source of
vitamin D. The occasional calcification occurring in the arterial lesions may
be associated with these factors. Serum non-protein nitrogen values were
not altered.
Morphological changes in the cardiovascular system of dogs receiving egg-
yolk emulsions
Aorta. In the normal adult dog, the intima of the aorta is thin and
consists of the endothelium with a few connective tissue fibers lying directly
upon the internal elastic membrane. The aortic media is thick, with regu-
larly spaced elastic and muscle fibers invested by a fibrous connective tissue
complex. Numerous vasa vasorum are present in the adventitia and in
ordinary preparations may be followed into the outer media.
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Within a few minutes after the intravenous injection of a quantity of
egg-yolk, diffuse sudanophilic material could be demonstrated microscopi-
cally in the ascending aorta beneath the endothelium and in the fibrous
connective tissue spaces of the inner media. Within two to three hours, the
inner third of the media was stained. After 24 hours, yellow discoloration of
TABLE 2. THE EFFECT OF DAILY INTRAVENOUS INJECTIONS (0 ML./KG.)
OF EGG-YOLK EMULSION ON THE PLASMA LIPIDS AND
CALCIUM OF FASTING DOGS
Dog #1103
Total choles-
Time terol mg.%
Control
Day 1
Day 2
Day 3
Day 4
Day 5
Day 6
Day 7
Dog $1104
Control
Day 1
Day 2
Day 3
Day 4
Day 5
75
358
550
550
750
638
800
850
158
500
750
825
900
1025
Free choles-
terol mg.%
30
190
355
387
270
475
520
433
40
295
455
575
675
725
Lipid phos-
phorus mg.%
9.0
33.0
29.5
53.0
50.0
43.0
43.0
58.0
14.5
46.0
80.0
58.0
65.0
85.0
Fatty acids
mEq./l.
6.2
84.0
144.0
142.0
153.0
145.0
185.0
159.0
11.6
115.0
156.0
203.0
216.0
226.0
Calcium
mg./%0
12.0
14.0
14.8
18.0
28.0
22.0
30.0
24.4
12.8
15.6
19.5
15.2
18.6
17.6
the ascending aorta was discernible grossly and the inner portion of the
vessel wall was strongly sudanophilic (Fig. 1). It became apparent, when
this process was followed serially, that infiltration of lipid occurred from the
intimal aspect of the vessel. In the fibrous connective tissue of the outer
media, halos of sudanophilia surrounded the vasa vasorum. These stained
areas were distinct from the lipid-stained inner medial layers and intima. In
paraffin sections of the aorta, stained with Masson's technique or by
hematoxylin-eosin, little change was to be seen in the first 24-48 hours
except for subendothelial and medial edema. Necrosis was not evident.
After the first 48-72 hours following a single large injection, the
sudanophilia of the inner media began to fade, but droplets of lipid accumu-
lated in mononuclear phagocytes both beneath the endothelium and in the
media. The subendothelial space was broadened and in it there was a
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progressive accumulation of lipid in droplet form. Paraffin sections revealed
subendothelial proliferation of connective tissue cells and the accumulation
of fat-filled phagocytes. The impression was gained that the latter derived
both from fibroblasts and from transformation of once-free mononuclear
cells.
With repeated large injections of egg-yolk alone and with the combina-
tion of allylamine injections, the proliferative and fatty intimal changes in
the aorta became much more conspicuous (Fig. 2). After ten days or two
weeks on such a regimen, in the ascending aorta and at the junctions of
major and minor branches, distinct, foamy subendothelial proliferations
were present (Figs. 3 and 4). Very little diffuse or extra-cellular lipid was
found in these lesions. Similar changes, often equally severe, were frequently
found in the first portion of the pulmonary artery.
Following cessation of egg-yolk injections, the aortic intimal lesions over
a period of three to six weeks gradually lost their content of lipid and
progressed to a dense, flat, intimal scar, extending over an area correspond-
ing to the original lesion. No permanent changes in the media or adventitia
have been observed.
Morphological changes in coronary arteries of dogs followving injection of
egg-yolk or of allylamine alone.
The repeated intravenous injection of 20 ml./kg. of egg-yolk emulsion
resulted in no arterial lesions of coronary arteries of normal dogs. This
held true even when the plasma cholesterol had been maintained for a week
or more in the range 500-1000 mg. per cent. With preceding or concomitant
injections of allylamine, fatty coronary artery lesions occurred at once and
were widespread, stressing the importance of injury for the localization of
lipids in arteries.
To describe adequately the development of the fatty arterial lesions that
follow allylamine and egg-yolk injection, it is necessary first to summarize
the changes in the coronary arteries that follow the administration of
allylamine alone. Within three to six hours after an injection of 15-20
mg./kg. of the neutralized base, areas of medial edema appear in segments
of the coronary arteries. Necrosis of the media ensues within 24-48 hours
and at the end of five days a fully developed segmental panarteritis is
present (Fig. 5). Besides the medial necrosis and edema, there is a pre-
dominantly mononuclear, periadventitial cellular exudate, and beginning
proliferation of fibroblasts in the adventitia and media. The intima is often
the seat of a productive endarteritis. In many instances, the endothelium
remains intact, but is raised from the internal elastic membrane by the
accumulation of underlying fluid. In the subendothelial space so created,
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large and small mononuclear cells accumulate along with various quantities
of fibrin-like material. Gradually, as reparative phenomena become more
prominent, necrotic medial muscle is replaced by hyalinized scar; adventitial
exudate by fibroblasts. The mononuclear cells in the subendothelial space
are either transformed into or are replaced by young collagen-forming cells,
and the space is converted into a fibrous intimal plaque or scar, which
partially occludes the vessel (Fig. 6). Occlusive thrombi are only rarely
associated with the lesions, the endothelium usually remaining intact. When
it is denuded, an interesting sequence develops. Strands of fibrin bridge
across arcs of the lumen of the affected vessel. Endothelial cells quickly
grow out along these strands so that a subendothelial space is reformed.
Mononuclear cells accumulate and the new space is organized into a fibrous
intimal plaque. It should be emphasized that the changes in even a large
vessel, from the initial medial edema to a stable state of intimal, medial, and
adventitial scar, occupy a period of about ten days to three weeks. Smaller
vessels complete the process of inflammation and repair in even less time.
Allylamine lesions in control animals on standard low fat laboratory diets
have consistently exhibited little or no stainable lipid. Occasionally during
the stage of medial necrosis a light sudanophilia of the most affected medial
areas can be demonstrated, but beyond this the basic, control allylamine
lesion is sudan-negative.
The effects of intravenous injection of egg-yolk emulsion on the basic
allylamine lesion of coronary arteries
Within minutes after the intravenous injection of egg-yolk emulsions, the
acute lesions of the coronary arteries of dogs that follow allylamine admin-
istration began to stain positively with sudan dyes. The staining was sharply
localized to the areas of acute inflammation, was diffuse, and did not differ
appreciably from the sudanophilia of the animal's lipid-rich plasma. Within
12-24 hours, the accumulation of lipids was massive, yet was selectively
localized to areas of injury. Droplets of sudanophilic material might now be
observed in areas that earlier stained diffusely. These droplets increased in
number and were extracellular. Accumulations of lipid as described were
present in early lesions in the necrotic media. Lipid also appeared in large
quantities beneath the elevated endothelium; in other words, wherever fluid
exudate was present in the inflammatory focus. Hand in hand with the dis-
appearance of edema from the lesions and with the occurrence of the pro-
liferative stages of repair, the lipid was progressively incorporated into
mononuclear phagocytes and into young fibrocytes. This incorporation was
massive, converting the organizing subendothelial space, or the new intimal
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compartments formed by endothelization of fibrin strands, into fatty foam-
cellular granulomas (Figs. 7, 8, 9, 10, 11, 12, 13). Evidence of the sub-
siding inflammatory reaction, in the form of residual fibrinoid masses,
inflammatory leucocytes, and red blood cells, was still present in the early
stages of this process, so that the histological appearance simulated that of
an inflammatory xanthoma of the artery wall. The foam-cell granuloma
might be confined to the proliferated intima or might involve the media to
some degree as well. The early stages of the fatty lesion did not stain for
cholesterol, but after ten days to two weeks the Schultz test was often
positive.
After ten days to two weeks, little evidence of the previous exudative
inflammatory reaction remained. The foamy intimal plaque was fully devel-
oped (Figs. 14, 15, 16). The component foam cells were moderate in size,
with finely granular cytoplasm and small dense nuclei. If the plaque was
large, it received a newly formed capillary blood supply from the adven-
tital vasa vasorum. These small vessels traversed the media to supply the
plaque. Other blood-vascular channels of various size might be present
within the newly formed intimal granuloma. These suggested the "recanal-
izations" of organized thrombi. Consecutive sections have shown them to
be sinusoidal-like ramifications of the lumen of the parent vessel associated
with irregularities in the surface of the intimal plaque.
Directly following the development of the xanthomatous stage, in the
second or third week, "regressive" changes set in. These refer not to dis-
appearance of the lesion, which did not occur, but to a progressive loss of
the contained lipids and to a progression of the connective tissue cells of the
granuloma to scar. This process occupied two to three weeks. The fatty,
foam cells became smaller with more sharply defined cell borders. Their
cytoplasmic content appeared dense and darker and gradually the contained
lipid disappeared. At the same time, the connective tissue fibers of the
plaque became more numerous, resulting in a dense, fine-fibered collagenous
scar (Figs. 17, 18). Small blood vessels have persisted for months within
such connective tissue plaques. Loss of lipid and condensation of the con-
nective tissue of the lesions to scar took place even if injections of allyl-
amine and of massive quantities of egg-yolk lipid were continued. Appa-
rently, a particular segment of the vessel took in lipid-rich plasma over a
limited time, probably only during the early stage of inflammation when
permeability was increased. Certainly after a period associated with the
disappearance of edema from the lesions, the lesions of other animals in
the series at the same stage of the experiment could not be made to localize
newly administered lipid. However, after a time interval of two to three
months the vessels could be re-injured, as will be described.
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FIG. 1. Normal dog. Sudan IV stain. Ascending aorta twenty-four hours after large
intravenous injection of egg-yolk. Dark areas represent lipid. Lumen of vessel above.
x140.
FIG. 2. Normal dog. Fatty, foam-cellular lesion of ascending aorta four days after
six daily intravenous injections of egg-yolk. x300.FIG. 3. Dog 1016. Thoracic aorta at exit of intercostal artery. Foam-cell granuloma.
Three injections of allylamine, six of egg-yolk. Eleven days. x60.
FIG. 4. Dog 1016. Higher power of foam-cell granuloma in Figure 3. The lipid is
intracellular. x320.4
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FIG. 5. Dog 801. Coronary artety two days after a course of three allylamine injec-
tions. Segmental panarteritis with proliferative intimal component. Lesion sudan
negative. x250.
FIG. 6. Dog's coronary artery six weeks after three injections of allylamine. Fibrous
intimal scar, supplied by small, newly-formed vascular channels. Lesion sudan negative.
x200.FIG. 7. Dog 1085. Coronary artery ten days after three allylamine and eight egg-
yolk injections. The endothelium is raised and lipophages are accumulating beneath it.
x380.
FIG. 8. Dog 1085. Sudan IV stain of coronary artery ten days after a course of
allylamine and egg-yolk injections. The dark masses represent lipid in the intima and
injured medial segments. There is no lipid in the uninjured parts of the vessel. x200.FIG. 9. Dog 1015. Coronary artery eleven days after allylamine and repeated egg-
yolk injections. The space beneath the elevated endothelium is filled with lipophages.
x400.
FIG. 10. Dog 1075. Coronary artery. Another example of subendothelial foam-cell
granuloma eleven days after three allylamine and seven egg-yolk injections. x375.12 s : -
FIG. 11. Dog 1076. Coronary artery. Combined allylamine, egg-yolk administration.
Twelve days. Formation of new subendothelial space by organization of fibrin bridges.
Fibrin appears as dark lace work surrounding a central channel containing red blood
cells. x300.
FIG. 12. Dog 1076. Coronary artery. A further extension of the process in Figure
11. Accumulation of lipophages beneath the endothelium. x300.
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FIG. 13. Dog 1084. Coronary artery. Combined allylamine and egg-yolk injury, nine
days. The newly formed endothelium is distinct. Fibrin has largely disappeared and
subendothelial monocytes are being transformed into lipophages. x375.
FIG. 14. Dog 1085. Coronary artery. Combined allylamine and egg-yolk lesion.
Twelve days. Lipophages now form a subendothelial xanthoma, with hemorrhage and
newly formed blood channels. x300.FIG. 15. Dog 1087. Coronary artery. Fully developed intimal fatty plaque, eleven
days after commencement of allylamine-egg-yolk regimen. x220.
FIG. 16. Dog 1096. Coronary artery. Combined allylamine-egg-yolk regimen, eleven
days. The intimal xanthoma is fully developed. Stigmata of previous inflammation are
lacking. x350.FIG. 17. Dog 1132. Coronary artery, three weeks after a course of allylamine and
egg-yolk. The fatty intimal plaque is being invested by fibrous connective tissue. Foam
cells remain in areas adjacent to the internal elastic membrane. x175.
FIG. 18. Dog 1132. Coronary artery. Completely "regressed" foam-cell lesion three
weeks after a course of allylamine and egg-yolk. The lipophages have disappeared and
the plaque has progressed to scar. xlOO.FIG. 19. Dog 1194. Egg-yolk alone. Fresh foam-cellular lesion superimposed on
intimal scar of coronary artery previously damaged by allylamine. x140.
FIG. 20. Dog 1194. Higher magnification of Figure 19. Lesion confined entirely to
intima. x325.Pathogenesis of vascular disease I WATERS
The impression was gained by comparing many control lesions of allyl-
amine with the lesions of combined allylamine and lipid administration that
the fatty intimal granulomas of the latter were larger and were more
occlusive.
The effect of establishing the experimental conditions after progression of
the control lesion to scar
Dogs were given allylamine in the usual dosage schedule. Two to three
months later, at a time when the endarteritic, non-fatty lesions were con-
verted to scar, a course of intravenous egg-yolk alone or of allylamine and
egg-yolk was given. Histological examination of the coronary arteries of
these animals after appropriate intervals revealed that new lesions had
occurred in both groups particularly at the sites of original injury. The
lesions were more frequent and more extensive in the animals receiving
allylamine and egg-yolk than in those given egg-yolk only. Infiltration of
lipid into the vessel wall at scarred sites was now chiefly intimal rather than
medial. No inflammation or degeneration occurred in the depths of the
previously formed intimal scar, that might simulate the location of atheroma
in man. A new foam-cellular process was instituted on the surface of the
old intimal lesion. The endothelium became elevated and beneath it a foam-
cellular process developed, entirely analogous to that developing in previ-
ously unaltered arteries (Figs. 19, 20). This lesion in turn progressed to
scar. Thus recurrent fatty granulomas may lead to successive layers of
intimal connective tissue that progressively reduce the lumen of an artery.
An antecedent thrombus is not necessarily a part of this process.
DISCUSSION
The technique described for the experimental production of lesions of the
coronary arteries and aortas of dogs presents certain advantages for the
study of local and hemic factors in the pathogenesis of arteriosclerosis. The
animal of choice is not prone to spontaneous vascular disease. The pro-
cedure is technically simple. The arterial lesions that result are numerous
in any one animal and are fully developed within a week to ten days from
the beginning of the experiment. The inflammatory focus in the artery wall
that follows the injection of allylamine is a basic acute reaction of arteries
that follows a variety of noxious stimuli.' It is not in any sense an unusual
or unique process, and its course may be followed. Egg-yolk, injected to
provide gross alterations in the quantities and physical form of lipids in the
blood, is well tolerated by dogs and does not lead to severe anaphylactic
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phenomena. Further, it contains a large quantity of particulate lipid in very
fine emulsion and also in solution a known phospholipoprotein, lipovitellin.
In addition, egg-yolk contains approximately 1.5 per cent cholesterol,
almost all in the free form. High levels of cholesterol in the blood including
cholesterol ester result promptly with repeated injections.
The anatomical lesions in any one animal present a panel of quantitative
variations that are useful in determining the relative importance of local
phenomena. Also the type and amount of lipid in the blood can be varied.
For example, besides the effect of egg-yolk on basic arterial lesions, the
effect of alimentary chylomicrons of dog or human source xnd of human
plasma lipoproteins have been investigated' and will be reported in detail
subsequently.
The selective localization of lipids in the artery walls at areas of injury
emphasizes the dependence of this phenomenon on the presence of local
increase in permeability. Thus no lipid could be found in normal dogs'
coronaries or in the uninjured segments of allylamine-treated animals'
vessels in spite of enormously elevated blood lipid values. Lipid did localize
in dogs' aortas after egg-yolk injections alone, without prior administration
of allylamine. However, it is known that the vessels of such animals may be
injured by the circulatory overload involved, and therefore they could not
be considered normal.' The selective localization of lipids from the blood at
sites of arterial inflammation would appear to be a process paralleling the
localization of certain dyes in areas of increased endothelial permeability, as
observed by Menkin."
The use of an acute inflammatory reaction of the vessel wall as a model
for the study of the pathogenesis of arteriosclerosis may be criticized on the
grounds that it differs markedly in histological appearance from the usual
early arteriosclerotic lesion in man. This morphological discrepancy is
transitory. The stigmata of previous inflammation in the experimental
lesion disappear within ten days to two weeks; it becomes a fibrous intimal
plaque laden with lipid-filled cells. At this stage the experimental lesion and
small arteriosclerotic lesions in man present many features in common. It
would be unwise to conclude from such evidence that the arteriosclerotic
lesion is the result of a mural inflammatory process in the usual morpho-
logical sense, although evidence of cellular exudate is less rare in such
lesions than is commonly thought. However, the experimental inflammatory
lesion makes available for study segments of artery wall with increased
permeability to plasma and to its contained particulate lipids and soluble
lipoproteins. It presents sequences of intimal proliferation and of phago-
cytosis of fatty substances derived from the blood, as well as the subsequent
18
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progression of these lesions to scar. Each of these processes may play a part
in the development and progression of the characteristic lesion in man.
The failure of the lesions to continue in an active stage after the cessation
of the experimental regimen is perhaps disappointing if one thinks of
arteriosclerosis in man as a continuous, progressive process. However, the
progression of the experimental lesions to scar indicates only that the injury
involved was episodic in nature. Thus, if the experimental regimen was re-
instituted, a new lesion occurred, superimposed on the original site. The
pleomorphism of the lesions in man, including foam-cell areas superimposed
on areas of scar,' the disappearance of fat from the lesions and their con-
version to scar in children'5 and in emaciated individuals' may actually be
evidence of similar episodic development of the lesions in man.
How lipid from the blood can gain entrance to the artery wall in arterio-
sclerosis has been much discussed.' In normal or in allylamine-injected dogs
intravenous injection of egg-yolk resulted in the appearance within minutes
to hours of sudanophilic material beneath the endothelium of the aorta and
within the connective tissue spaces of the inner media. When the animals
were sacrificed serially, deeper and deeper penetration of the media by
diffusable lipid was observed. It was thus suggested that infiltration from
the intima had occurred. Further, in neither the normal nor in the
allylamine-injected animals was medial hemorrhage or necrosis a com-
ponent of the aortic medial lesion. In the coronary arteries, where medial
necrosis and hemorrhage were prominent, there can be no doubt that lipid-
rich plasma in part reached the interior of the vessel, including even the
subendothelial space, by dissection from the ruptured capillaries of the vasa
vasorum. Another observation of interest was the limited period during the
inflammatory reaction in which a particular area would take up lipid. This
indicates the importance of changes in permeability, however mediated, in
initiating and limiting the extent of lipid deposit within the artery wall and
suggests again the possible episodic genesis of the lesion.
Study of the xanthomatous stages of the experimental lesion yields
information concerning the localization and fate of lipids in arteries. Lipids
appeared in the vessel wall first as diffusely stained, sudanophilic, extra-
cellular areas. Rapidly droplets or globules of more intensely staining mate-
rial accumulated. Phagocytosis began within two to four days from the time
,of entry of the lipid and progressed with the organization of the lesion.
Large mononuclear cells present in the exudate at first took up the lipid.
Later it was found in new fibrocytes as well. While some mononuclear cells
containing lipid appeared to wander out of the lesion and disappeared via
the lymphatics, many others more probably were associated with the elab-
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oration of collagen and became transformed into fixed-tissue foam cells.
Once maturity of the xanthoma was reached, disappearance of the phago-
cytized lipid was progressive and rapid. The digestion of the deposited lipid
was intracellular and was complete after several weeks. Such phagocytosis
may also result in the removal of lipid from the lesions of arteriosclerosis.
Regressing foam cells similar to those of the experimental lesion are found
in arteriosclerosis in man. The rapidity with which the experimental lesions
progressed from initial edema, through fatty granuloma to scar, was strik-
ing. Even though the period was short, the impression was gained that scar
formation was delayed by the presence of lipid in the lesion. Also there was
evidence that the fatty granulomas of the combined procedure were fre-
quently larger than the proliferative intimal lesions that followed allylamine
injection alone. It would thus seem that the presence of lipid in intimal
lesions increases the danger of functional impairment of the vessel.
Thrombi and myocardial infarction associated with the lesions were rare.
This is remarkable considering the extensive necrosis that occurred and the
thinness and delicacy of the intima. However, as reported, the endothelium
usually remained intact, though often elevated. The occasional deposit and
re-endothelialization of fibrin strands to form subendothelial spaces contain-
ing plasma elements and foam cells is interesting in view of Duguid's' obser-
vations on the possible r6le of fibrin in the pathogenesis of arteriosclerosis.
Vascularization of the experimental lesions was from downgrowth of
vasal vessels of the media. Capillaries remained patent in fibrotic intimal
lesions for long periods.
When the effect of lipid injection alone or of allylamine and egg-yolk was
tested on the intimal scars of previously damaged vessels, no atheromatous
degeneration took place deep within the fibrous plaques. Superficial inflam-
mation did occur, giving rise to superimposed fatty granulomas that devel-
oped and regressed in a fashion similar to granulomas occurring in previ-
ously unscarred vessels. These recurrent lesions were purely intimal and
occurred without the accompaniment of any fresh medial inflammation or
necrosis. Also it is of interest that these lesions occurred preferentially at
the sites of previous damage, suggesting that once scarred, the arterial
intima possesses a lowered threshold for injury.
SUMMARY
An experimental technique for the rapid production of fatty intimal
lesions of the coronary arteries and aortas of dogs is presented. It involves
the combined intravenous administration of allylamine and of saline emul-
sions of egg-yolk. The procedure allows control and variation of certain
20
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local and hemic factors important for the development of the arterial
changes. Study of conditions associated with the establishment of the
experimental lesions and observation of their course has yielded information
of interest for the pathology of arteriosclerosis.
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